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Lateral ankle sprains (LASs) are among the most common
injuries incurred during participation in sport and physical
activity, and it is estimated that up to 40% of individuals who
experience a first-time LAS will develop chronic ankle instability
(CAIl). Chronic ankle instability is characterized by a patient’s
being more than 12 months removed from the initial LAS and
exhibiting a propensity for recurrent ankle sprains, frequent
episodes or perceptions of the ankle giving way, and persistent
symptoms such as pain, swelling, limited motion, weakness, and
diminished self-reported function. We present an updated model
of CAl that aims to synthesize the current understanding of its
causes and serves as a framework for the clinical assessment
and rehabilitation of patients with LASs or CAIl. Our goal was to

describe how primary injury to the lateral ankle ligaments from
an acute LAS may lead to a collection of interrelated
pathomechanical, sensory-perceptual, and motor-behavioral
impairments that influence a patient’s clinical outcome. With
an underpinning of the biopsychosocial model, the concepts of
self-organization and perception-action cycles derived from
dynamic systems theory and a patient-specific neurosignature,
stemming from the Melzack neuromatrix of pain theory, are used
to describe these interrelationships.
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in the general population, and the injury reported

most frequently by competitive athletes.' Dam-
age to the lateral ligaments of the ankle accounts for the
majority of ankle sprains, regardless of patient demograph-
ics.*> The prevalence of lateral ankle sprains (LASs),
coupled with high rates of reinjury, persistent symptoms,
and reduced self-reported ankle function, makes LASs and
their sequelae a public health concern.®” Chronic ankle
instability (CAI) is a condition characterized by repetitive
episodes or perceptions of the ankle giving way; ongoing
symptoms such as pain, weakness, or reduced ankle range
of motion (ROM); diminished self-reported function; and
recurrent ankle sprains that persist for more than 1 year
after the initial injury. Specific diagnostic criteria for CAI
have been recommended by the International Ankle
Consortium.® Doherty et al® performed a prospective study
of patients with first-time ankle sprains who sought
treatment in a hospital emergency department and found
that 40% had developed CAI, as defined by these criteria, at
12-month follow-up.

Our understanding of the factors contributing to CAI has
evolved over the past 6 decades. Freeman et al'®'?
presented the first comprehensive theory of ankle instability
in 1965. They coined the term functional instability, which
they operationally defined as “the disability to which
patients refer when they say that their foot tends to ‘give
way’ in the months and years after initial ankle
sprain.”12(P7® [t must also be noted that the ankle giving
way was not the patients’ only complaint:

ﬁ nkle sprains are among the most common injuries

Every patient whose foot gave way stated that such
incidents occasionally caused the ankle to be painful or
swollen, sometimes to such an extent that the ankle

could be said to have been sprained. . . . For this reason
no patient complained only of a tendency for the foot to
“give way.”!0(P666)

Freeman'' was adamant that mechanical instability due to
pathologic laxity of the ankle was only rarely the initial
cause of the functional instability of the foot. Mechanical
instability was specifically defined as increased varus tilt of
the talus under inversion stress. Instead, Freeman et al'?
asserted that

(1) the afferent nerve fibres in the capsule and ligaments
of the foot and ankle subserve reflexes which help to
stabilise the foot during locomotion, and (2) when the
foot or ankle is “sprained” partial deafferentiation of the
injured joints occurs, so that (3) reflex stabilisation of the
foot is impaired and the foot tends to “give way.”!2P578)

Additionally, Freeman et al'? provided evidence that
patients who performed coordination exercises during their
recovery from ankle sprains demonstrated a lower inci-
dence of functional instability.

Tropp et al'*!7 conducted a series of studies in the 1980s
that aimed to further the understanding of the causes of
CAL. Using the mechanical instability—functional instability
dichotomy as a starting point,'> they concluded that
functional instability could not be due to proprioceptive
(ie, sensory) deficits alone, as originally hypothesized by
Freeman et al,'®'? but was also due to changes in the motor
component of sensorimotor control, particularly impaired
postural control,'*!> diminished ankle-eversion strength,'®
and alterations in motor control of the muscles proximal to
the injured ankle.'” This led to a shift in the literature from
describing functional instability as a persistent symptom
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after LAS, as originally described by Freeman et al,'*'? to

the idea that functional instability represented the sensori-
motor cause of persistent injury. Functional instability was
viewed as contrasting with mechanical instability, due to
pathologic ankle-joint laxity, as the cause of recurrent and
persistent instability after LAS.'3

Hertel'® published a comprehensive literature review on
functional ankle instability in 2000 that summarized the
evidence of sensorimotor deficits related to ankle instability,
including impairments in balance, joint position sense,
peroneal muscle reaction time to inversion perturbation,
peripheral nerve-conduction properties, muscle strength, and
ROM. Two years later, Hertel" presented an expanded
model consisting of a Venn diagram with 2 overlapping
circles representing the potential mechanical and functional
(sensorimotor) contributions to CAI In this model, the
condition was explicitly labeled CA/ in an effort to avoid the
confusion over whether functional instability was the
involved deficit or a potential cause of the involved deficit."”
Additionally, the terms mechanical instability and functional
instability were not used in the model; instead, mechanical
insufficiencies and functional insufficiencies were described
as specific contributors to the development of CAILY
Mechanical insufficiencies in the model included pathologic
laxity, arthrokinematic restrictions, degenerative changes,
and synovial changes, whereas functional insufficiencies
included impairments in proprioception, neuromuscular
control, strength, and postural control.'” The components
of both mechanical and functional instability could now be
named, described, and studied to show the relationships
within and between the interrelated causes. This model
suggested that when insufficiencies were identified clinically
in individual patients, treatments to address the specific
insufficiencies could be developed in an effort to improve
patient outcomes."’

In 2011, Hiller et al*® proposed an extension of the
Hertel' model in the form of multiple clinical subgroups
for classifying patients with CAI: mechanical instability,
perceived instability, and recurrent sprains, or combinations
of these 3 conditions.?® Importantly, the authors validated
their model by fitting patients with CAI into the
predetermined subgroups. Evaluating 108 ankles with
CAl, they found that 56% fit into 1 of the 3 primary
categories and 44% did not.?® However, all of the ankles
did fit into 1 of the 7 subgroupings when the primary
categories were combined.’’ Although the Hiller et al
model®® evolved the understanding of CAI, the advent of
new evidence in areas such as self-reported function,
health-related quality of life, kinesiophobia, altered move-
ment patterns, and physical activity levels, as well as
contemporary injury paradigms such as the biopsychosocial
model,>!?? dynamic systems theory,>2® and neuromatrix
of pain theory?’2® emphasizes the need for an updated
model. The purpose of our article was to describe an
updated model that provides a theoretical framework for the
contemporary understanding of the causes of CAI while
simultaneously offering a framework for clinicians evalu-
ating and treating patients with LASs and CAL

UPDATED MODEL OF CAI

The updated model of CAI has 8 primary components:
(1) primary tissue injury, (2) pathomechanical impairments,

(3) sensory-perceptual impairments, (4) motor-behavioral
impairments, (5) personal factors, (6) environmental
factors, (7) component interactions, and (8) the spectrum
of clinical outcomes (Figure 1). All patients with CAI will
have had a primary injury to the anterior talofibular
ligament (ATFL) and possibly the calcaneofibular ligament
(CFL) at the time of their index LAS. Each specific
impairment listed under the categories of pathomechanical,
sensory-perceptual, and motor-behavioral impairments is a
factor that has been identified in the literature as being
different between patients with CAI and healthy partici-
pants without a history of LAS. The list of many specific
impairments in the model is not meant to imply that every
patient with CAI will present with each individual
impairment; instead, these are characteristics that the
patients as a group are likely to demonstrate. Patient-
specific personal and environmental factors play critical
roles in how an individual responds to injury and its
consequences.?'?> The component interactions are drawn
from dynamic systems theory?>¢ and the Melzack neuro-
matrix theory of pain?’* and used to hypothesize how the
primary tissue injury, the 3 categories of impairments, and
personal and environmental factors may interrelate to
produce a patient’s clinical outcome. Lastly, the spectrum
of outcomes ranges from a fully successful recovery (coper)
to an indisputably unsatisfactory outcome (CAI).

Primary Tissue Injury

For CAI to develop, a patient must first sustain an index
LAS. Lateral ankle sprains are typically caused by
excessive supination of the rearfoot on an externally rotated
tibia. These injuries are often referred to as inversion ankle
sprains, but this term represents a reductionist approach to
describing the mechanism of injury and ignores the oblique
axes of rotation of the talocrural and subtalar joints."
Through robust analysis of several LASs that occurred in
athletes and were captured on video, the kinematics of the
injury mechanism were shown to consist of both excessive
inversion and internal rotation of the rearfoot on the
tibia.?>*° Interestingly, this work has also challenged the
dogma of LASs as plantar flexion-inversion injuries by
demonstrating that in some athletes, the peak angles and
angular velocities of inversion and internal rotation
occurred not while the ankle was in plantar flexion but
when it was in sagittal-plane neutral or dorsiflexed.*”
Perhaps the term inversion—internal-rotation sprain would
be a more apt kinematic description of the mechanism of
injury for LAS.

The ATFL is the ligament injured most commonly during
an LAS." Concurrent injury of the CFL is present in many
more severe ankle sprains.! Clinicians must be cognizant of
other potential injuries when evaluating patients who have
experienced an inversion—internal-rotation mechanism of
injury, including but not limited to fibular fracture, fifth
metatarsal fracture, osteochondral lesion of the talus, high
ankle sprain (injury to the anterior inferior tibiofibular
ligament and tibiofibular syndesmosis), subtalar-joint
sprain, bifurcate ligament sprain, fibularis tendon and
retinacular lesions, and injury to the superficial fibular,
tibial, or sural nerve.

An initial LAS results in stretching or disruption of the
collagen fibers of the lateral ligaments, causing structural
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Figure 1.

The updated model of chronic ankle instability (CAl). The outcome is determined at least 12 months after the initial ankle sprain.

Abbreviations: ATFL, anterior talofibular ligament; CFL, calcaneofibular ligament; HRQOL, health-related quality of life.

tissue damage. After an LAS, patients quickly develop the
clinical signs and symptoms of pain, swelling, and
inflammation. Simultaneously, but often less obviously,
alterations in sensorimotor function also occur. Together,
the injured tissues, accompanying inflammatory responses,
and the patient’s psychological and emotional responses to
the injury (eg, pain and mechanical and sensorimotor
alterations in response to ligamentous injury) drive the
specific impairments that can cause an individual to deviate
from successful healing toward CAL

Pathomechanical Impairments

Pathomechanical impairments are operationally defined
as structural abnormalities to the ankle joint and surround-
ing tissues, secondary to an index LAS, that contribute to
ankle dysfunction and CAI. The impairments in this
category represent the biological component of the
biopsychosocial model.

Pathologic Laxity. Loss of the structural integrity of the
lateral ankle ligaments results in pathologic laxity of the
talocrural joint and possibly the subtalar joint. This laxity
represents the mechanical instability described in earlier
models of CAI Disruption of the ATFL is associated with
increased anterior drawer, or translation, of the talus within
the tibiofibular mortise. Although most often evaluated
with a common physical examination test, increased

anterior translation of the talus has also been consistently
demonstrated among patients with CAI using objective
measurements such as instrumented arthrometry®'* and
stress radiographic®* and ultrasound imaging.>>*¢ Exces-
sive internal rotation of the talus on the tibia has also been
described in relation to lateral ankle instability.”=° The
anterolateral drawer test is performed by passively
internally rotating the rearfoot while stabilizing the
tibia.’’ > The absence of a firm end feel at maximal
internal rotation indicates a rupture of the ATFL. In some
patients with extensive laxity, a “clunk”™ of the talus may
be felt, similar to that found with a positive pivot shift test
in a patient with an anterior cruciate ligament-deficient
knee. Although this test is popular in some orthopaedic
circles,>”° further research is needed to validate the
diagnostic properties of the anterolateral drawer test.
Integrity of the CFL is most often assessed using the
inversion stress test. This test is performed by passively
inverting the rearfoot to its end ROM. Similar to the
anterior drawer test, the inversion stress test has also been
quantified using arthrometry.3'34° The CFL may be better
isolated by conducting the inversion stress test in a
dorsiflexed position, whereas the integrity of both the
CFL and ATFL can be evaluated by performing the test in a
plantar-flexed position.*! Clinicians must also be cognizant
of the potential for increased laxity in adjacent joints,
including the distal tibiofibular and subtalar joints, as a
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subset of patients with LAS and CAI presents with
instability of these joints.!

Evidence of an initial increase in laxity after acute LAS
and a subsequent return toward preinjury laxity in the
weeks and months afterward has been reported in a few
prospective studies****; some residual laxity is likely to
remain in most patients who incur an LAS.

Arthrokinematic Restrictions. In contrast to pathologic
laxity, particular accessory joint motions may be limited
after LAS or with CAIL Over the past 2 decades, substantial
advances in our understanding of arthrokinematic restric-
tions in the ankle and foot complex have emerged in the
manual therapy literature.***” Restrictions in anterior-to-
posterior glide of the talus on the tibia have been well
documented as being associated with limited osteokine-
matic dorsiflexion of the talocrural joint in patients with
lateral ankle instability.***>*® Also, small amounts of
anterior displacement of the talus on the distal tibia may
be associated with restricted glide of the talus.** Further-
more, many patients have demonstrated anterior displace-
ment of the distal fibula relative to the tibia and associated
restriction of anterior-to-posterior glide of the distal
fibula.>*>! Lastly, the potential for arthrokinematic restric-
tions at the subtalar, midtarsal, and tarsometatarsal joints
has also been described.***’

Osteokinematic Restrictions. Patients recovering from
LAS or with CAI often demonstrate restricted dorsiflexion
ROM. Possible causes of this deficit include the previously
mentioned restriction of anterior-to-posterior talar glide and
soft tissue restrictions in the triceps surae. These soft tissue
restrictions may be due to inflexibility of the musculoten-
dinous structures, neuromuscular spasm mediated by the vy
motor-neuron system, myofascial constraints, or a combi-
nation of these.** Patients with longstanding CAI may also
exhibit limitations in foot and ankle motion in multiple
planes as a consequence of osteoarthritis in the ankle
complex.’?3

Secondary Tissue Injury. As mentioned earlier, clini-
cians must be vigilant in assessing concomitant injuries to
structures other than the lateral ligaments in patients who
have sustained LASs. Similarly, repetitive bouts of
excessive inversion-internal rotation, which may result in
recurrent ankle sprains or less severe giving-way episodes,
can result in further insult to the ATFL and CFL as well as
secondary tissue damage about the ankle complex. Of
particular concern are lesions of the fibularis longus and
brevis tendons, the osteochondral surfaces of the talus and
tibia, the synovial membrane of the talocrural and subtalar
joints, and the ligaments of adjacent joints on the medial
side of the ankle.>* Ultimately, ankle osteoarthritis can be a
serious sequela of CAL>®

Tissue Adaptations. Injured tissues will adapt to the
demands placed on them over time and may develop
alterations that are not identifiable on routine physical
examination. For example, the involved ATFL of both CAI
and coper groups has been demonstrated to be substantially
thicker than in healthy controls who have never incurred an
LAS.>® Additionally, subclinical alterations in the osteo-
chondral surface of the talus as identified by higher T1p>’
and T2%® relaxation times during advanced magnetic
resonance imaging have been identified in patients with
CAI compared with controls. Also, volume alterations have
been seen in the intrinsic and extrinsic foot muscles of

patients with CAL>’ Clinicians should be mindful that such
“hidden” structural changes may be contributing to specific
impairments identified during the physical examination and
functional testing of these patients.

Sensory-Perceptual Impairments

Sensory-perceptual impairments are operationally de-
fined as conditions that the patient senses or feels about the
body, the injury, or the self. These impairments represent
physiological constructs such as somatosensation (bio in
the biopsychosocial model), psychophysiological con-
structs such as pain (biopsycho), and psychosocial con-
structs such as kinesiophobia. These latter 2 constructs
represent the patient’s perceptions of the injury and the
effects they have on his or her well-being. This grouping
purposely includes impairments that involve both conscious
and unconscious sensation and perception.

Diminished Somatosensation. Several domains of
somatosensation have been noted to be impaired in patients
with CAI. These impairments are hypothesized to occur
because of damage to the ligamentous and articular
proprioceptors during injury and possible nerve injury
secondary to ligament injury. Deficits have been reported in
both the active and passive joint position sense of frontal-
and sagittal-plane ankle motion, with CAI groups demon-
strating more proprioceptive errors.®¢! The inability of
patients with CAI to accurately sense the position of their
ankle joint before initial contact during gait or landing has
been theorized to increase the risk of recurrent ankle sprain
because the foot is likely to contact the ground in a position
that predisposes the ankle to move into supination rather
than pronation during the loading response.®

Measures of force sense in all directions of ankle motion
among patients with CAI have indicated that the ability to
sense and regulate muscle-contraction output is impaired
after joint injury, even in the absence of musculotendinous
injury.5>-® Interestingly, weak and nonsignificant correla-
tions were found between measures of active position sense
and force sense in patients with CAI, suggesting that these
measures assess different constructs of somatosensation.®”

Differences in cutaneous sensation have also been
demonstrated between CAI and control groups. The CAI
groups have displayed poorer plantar sensation as evaluated
with both vibrotactile stimuli’® and Semmes-Weinstein
monofilaments’"’? at the heel, base of the fifth metatarsal,
and head of the first metatarsal. Burcal and Wikstrom’?
observed impaired sensation over the sinus tarsi in both
CAI and coper groups versus a healthy control group.
Interestingly, the sinus tarsi was the only site at which the
coper group exhibited sensory deficits, whereas the CAI
group had deficits in plantar sensation in addition.”

The ability to integrate different sensory inputs appears to
be compromised in CAI Song et al”®> performed a meta-
analysis to investigate postural control in eyes-open and
eyes-closed positions. Compared with healthy controls,
patients with CAI relied more heavily on visual information
than somatosensory information during unipedal-stance
balance tasks. Additionally, those with CAI appeared to
be unable to dynamically reweight sensory inputs to the
same extent as healthy controls.”* The physiological
mechanism of these differences is currently unknown. To
date, only 1 group’ has evaluated somatosensory cortex
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activity in patients with ankle instability; they found no
differences in electroencephalography-derived somatosen-
sory cortex activity during a controlled ankle-joint—loading
task among CAlI, coper, and healthy groups.

Pain. Pain is a hallmark of most chronic musculoskeletal
conditions. Surprisingly, quantification of pain has received
relatively little attention in the CAI literature,’® although
clinical experience tells us that persistent pain is a common
reason for patients with CAI to seek health care. The
Melzack neuromatrix theory of pain?’2® indicates that in
chronic pain conditions, the pain is generated not
exclusively from the sensory input evoked by injury,
inflammation, or other damage at the site of symptoms but
is instead produced by the output of the neuromatrix, a
widely distributed neural network in the brain. Chronic
psychological and physical stress associated with chronic
pain can further diminish a patient’s ability and willingness
to participate in functional activities.?”*® The influence of
pain on other impairments commonly seen among patients
with CAI is likely to be clinically important, but currently
these relationships are poorly understood.

Perceived Instability. A common complaint of those
with CAI is the perception that the ankle is unstable or that
it is at risk of giving way during functional activities.
Patients reporting perceived instability may or may not
actually experience episodes of excessive ankle inversion;
however, the perception of instability represents a clinically
important impairment.?® The Cumberland Ankle Instability
Tool (CAIT)”” and Identification of Functional Ankle
Instability (IdFAI)’® questionnaire have both been widely
used in the CAI literature as screening tools. Both survey
instruments ask individuals to self-report the frequency and
circumstances of the perceived instability episodes. The
CAIT consists of 9 questions, 1 about pain and 8 about
perceived instability. A score of <27 points out of a
possible 30 points was originally considered the threshold
for identifying functional ankle instability.”” However, a
CAIT <24 is now considered a diagnostic criterion of
CAL” The IdFAI consists of 10 questions about ankle-
sprain history and perceived instability. A score of >11 out
of a possible 37 points is necessary for a diagnosis of
CAL™

Kinesiophobia. Fears of movement and reinjury during
functional activities have been reported in patients with
CAL®® Kinesiophobia is most often assessed with the Fear-
Avoidance Beliefs Questionnaire®' and the Tampa Scale for
Kinesiophobia (TSK-11).%? The Fear Avoidance Beliefs
Questionnaire is a 16-item survey that addresses the fear of
movement during physical activity and work.®' The TSK is
an 11-item questionnaire that assesses fears of movement
and reinjury.®® The perception that movement of the
involved ankle will be harmful runs counter to the emphasis
on therapeutic exercise as a primary treatment for CAI and
represents an important obstacle to be managed when
treating this condition.

Self-Reported Function. Reduced self-reported function
has been consistently demonstrated in patients with
CAL8%8385 These deficits have most often been identified
using a region-specific questionnaire such as the Foot and
Ankle Ability Measure (FAAM).® The FAAM consists of a
21-item Activities of Daily Living (ADL) scale and an 8-
item Sports scale; it requires patients to rate their difficulty
when performing specific ADL or sport activities due to

their involved ankle.’¢ Measures of self-reported function
provide insight into the types of actions and activities these
patients are able to perform.

Health-Related Quality of Life. Measures of health-
related quality of life (HRQOL) were diminished in patients
with CAL3%8587 Global, or generic, HRQOL focuses on
broader concerns, such as mood, vitality, and social
interactions, that are not as directly linked to ankle function
as are the items on region-specific function scales. The
most commonly used HRQOL scales in medicine are the
Short Form-36 and Short Form-12 questionnaires. These
scales are particularly adept at tracking HRQOL in patients
with chronic conditions. Both have physical health and
mental health subscales. Patients with CAI have displayed
deficits in physical HRQOL but not in mental HRQOL.?” A
criticism of the Short Form scales is that they may not be
appropriate for athletic or otherwise highly physically
active populations because of a ceiling effect in their
psychometric properties.®® In response to this weakness, the
Disability in the Physically Active Scale was developed to
more accurately assess HRQOL in this population.®°
Using the Disability in the Physically Active Scale,
Houston et al*® demonstrated a large deficit in HRQOL
among patients with CAI.

Motor-Behavioral Impairments

Motor-behavioral impairments among patients with CAI
constitute deficiencies and alterations in muscle contractil-
ity, motion patterns, and physical activities that they choose
to partake in or avoid. These factors constitute the motor
aspect of sensorimotor function. All impairments in this
category fall into the bio construct of the biopsychosocial
model except for the reduced physical activity impairment,
which includes both a bio component related to the
physiological costs and benefits related to exercise and
physical activity and a psychosocial component represent-
ing intentional behavior.

Altered Reflexes. A large body of literature has
examined muscle-contraction timing and amplitude in
response to inversion perturbations of the ankle.’' The
most common measures were the electromyographic, force,
and kinematic responses to inversion of a platform with a
trapdoor mechanism that caused the ankle to be suddenly
inverted or, in some designs, concomitantly plantar flexed
and inverted. Participants were typically in bipedal stance
when 1 foot was perturbed, although some researchers®> 4
have tested participants during walking. In a meta-analysis,
Hoch and McKeon®' found delayed reaction time of the
fibularis longus and brevis muscles in response to sudden-
inversion perturbations in patients with CAIL. The delayed
motor response may be due to alterations in somatosensa-
tion, nerve conduction velocity, or central processing of the
monosynaptic stretch reflex. Regardless of the physiolog-
ical source, delayed contraction of the fibularis muscles
results in an electromechanical delay in the ability to create
an eversion force to counteract the ankle moving quickly
into inversion.”!

Neuromuscular Inhibition. Arthrogenic muscle inhibi-
tion has been well documented in chronically unstable
ankles,” most often by assessing the H-reflex response in
the fibularis longus muscle. The H-reflex is an electrically
induced surrogate of the monosynaptic stretch reflex and
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represents spinal-level motor control. Participants receive
transdermal electrical stimulation of a motor nerve, and the
H-reflex output is measured via surface electromyography
of the muscle of interest. Several groups have reported
diminished H-reflex amplitude in the fibularis longus®*%¢
and soleus.”” Kim et al’® also found that the constrained
ability to modulate the H-reflex in the fibularis longus and
soleus muscles across different postural positions (ie,
moving from lying prone to bipedal stance or from bipedal
stance to unipedal stance) was impaired in patients with
CAI. Additionally, they were unable to modulate paired
reflex depression of the soleus during positional changes
similarly to healthy participants and demonstrated greater
levels of recurrent inhibition of the soleus.””

The inhibition of muscles proximal to the ankle has also
been reported in patients with CAI. Using measures of
central activation, investigators'® observed that patients
with unilateral CAI had bilateral inhibition of the
hamstrings muscles and ipsilateral facilitation of the
quadriceps muscles compared with healthy controls.
Remarkably, impaired contractility of the diaphragm
muscle has also been reported in patients with CAlI,
indicating that proximal muscle function was affected not
only in the lower extremity musculature but also in the
trunk.'%!

In recent years, the influence of supraspinal motor control
in patients with CAI has been studied using measures of
motor-cortex excitability and inhibition. Electromyographic
measures are taken from peripheral muscles immediately
after transcranial magnetic stimulation of the motor cortex
in areas of the homunculus specific to the muscles of
interest. Higher resting'®® and lower active'®® motor
thresholds of the fibularis longus were present bilaterally
in patients with unilateral CAI Kosik et al'* identified less
fibularis longus recruitment map volume and area in the
motor cortex among patients with CAI than healthy
individuals, suggesting that the former had a more
concentrated and restricted area of neurons able to recruit
the fibularis longus muscle. Altered balance between
corticospinal inhibition and excitability of the soleus among
patients with CAI compared with healthy controls has also
been suggested.'® Correlations between measures of
cortical excitability and ankle laxity!*® and self-reported
function'?” have been reported among patients with CAI.

Muscle Weakness. The clinical assessment of muscle
function among patients with CAI most often relies on
measures of strength using manual muscle tests. Using a
handheld dynamometer, Fraser et al'®® recently reported
that patients with CAI were weaker than healthy controls in
isometric eversion, inversion, and plantar flexion but not in
dorsiflexion.

Donnelly et al'® also demonstrated deficits in isometric
eversion strength but no differences in corresponding
surface electromyography amplitude of the fibularis longus
and brevis muscles. Interestingly, eversion force and
electromyographic amplitude were significantly correlated
in the healthy group but not the CAI group, indicating an
uncoupling of muscle contractility and force production
among patients. Additionally, Terrier et al''® described a
weight-bearing test of eversion strength that discriminated
between CAI and healthy groups.

Ankle strength among patients with CAI has been studied
extensively using isokinetic dynamometry. Meta-analy-

1109

ses''"112 have shown consistent eversion concentric-
strength deficits in patients with CAI. Deficits have also
been reported in concentric inversion!'*!''* and plantar-
flexion!!>11¢ strength and eccentric eversion,!'”"!!8 inver-
sion,!!811% plantar-flexion,'?° and dorsiflexion'?! strength.

Weakness of the muscles proximal to the unstable ankle,
including deficits in concentric knee flexion and exten-
sion,''® isometric hip abduction,''>:'?! extension,!'>!?!
external rotation,'?!'?? and eccentric hip flexion,'* has
also been identified among patients with CAI. Distally,
weakness in hallux and lesser toe-flexion strength'®® and
diminished volume of the flexor hallucis brevis and
adductor hallucis oblique muscles®® have been reported in
patients.

Balance Deficits. The relationship between ankle insta-
bility and balance deficits was first noted by Freeman et
al'®!? more than 50 years ago. In the ensuing decades,
dozens of researchers have described balance, or postural-
control, deficits in patients with CAI. The most common
balance tasks reported in the literature were maintenance of
quiet unipedal stance'?* and the Star Excursion Balance
Test (SEBT).!?° The former represents static balance, or the
ability to remain as still as possible while standing on 1 leg,
whereas the latter represents dynamic balance, which
requires the participant to reach as far as possible in a
prescribed direction with 1 leg while maintaining balance
on the other limb. Balance deficits among patients with CAI
may be due to somatosensory impairments, motor impair-
ments, or both.

Static balance is typically assessed with a participant
performing trials in eyes-open and then in eyes-closed
conditions. Assessment of static balance may consist of no-,
low-, or high-technology methods. No-technology assess-
ment relies on patient or clinician judgment to subjectively
identify impairment while the patient with unilateral CAI
balances on the involved limb compared with the
uninvolved limb.!> A low-technology approach to measur-
ing static balance assesses the amount of time a patient can
maintain unipedal stance.!?® Performing the unipedal
components of the Balance Error Scoring System on firm
and foam surfaces by counting the number of predefined
errors during a 20-second trial is another low-technology
approach that has been used to quantify balance deficits
among patients with CAI.'?¢-17

The most common high-technology approach to measur-
ing balance is to have a participant maintain single-limb
stance while standing on a force plate that measures 3-
dimensional forces and moments.'** Although dozens of
force-plate measures have been reported in the CAI
literature,®*!24!28 the key conclusion is that balance deficits
have been consistently demonstrated in these patients.
Generally, the measures evaluate the magnitude, velocity,
or variability of postural sway. Song et al”® postulated that
patients with CAI did not use somatosensory information to
the same extent as healthy controls but instead relied more
heavily on visual input to maintain unipedal stance.

The SEBT, originally conceived as a “no-tech” measure
of dynamic balance, has been used extensively to identify
deficits in patients with CAI, who are unable to reach as far
as healthy controls.'® Surprisingly, the reach deficits have
been shown to be more strongly related to diminished knee
and hip flexion than to limited ankle dorsiflexion.'?’
Similarly, diminished hip-abduction and external-rotation
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strength has also been correlated with reduced reach
distances in patients with CAL!?! In addition, patients
exhibited more trunk and pelvis rotation when executing
select SEBT reach tasks.'3°

Altered Movement Patterns. Individuals with CAI
displayed altered movement patterns in a spectrum of
functional activities, including walking, running, cutting,
and landing, compared with control participants. Such
alterations have been demonstrated using biomechanical
measures of kinematics, kinetics, plantar pressure, and
electromyography.

During walking, patients with CAI tend to exhibit greater
inversion and plantar flexion of the foot relative to the tibia,
a more laterally deviated center of pressure throughout
stance, and alterations in fibularis muscle activation.!3!
Biomechanical alterations during jogging and running tend
to mimic those seen during walking.!*! The kinematic
changes were amplified using a dual-task paradigm in
which participants performed a cognitive task while
ambulating.'** A more inverted foot is likely to lead to an
LAS. Investigators'*? have speculated that because the foot
tends to be more inverted during midswing in patients with
CAl, the fibularis muscles must activate during late swing
to actively move the foot into eversion in preparation for
initial contact. This is in contrast to healthy individuals,
who typically contract the fibularis longus muscle after
initial contact, as part of the loading response in which the
fibularis longus muscle contracts to plantar flex the first
ray."** This contraction would be associated with a medial
displacement of the center of pressure as the foot also
everts. If the fibularis longus is already contracted before
initial contact, as it is in these patients, it cannot be
contracted again to plantar flex the first ray during the
loading response. Thus, this is a likely reason why the foot
remains more inverted and the center of pressure stays more
lateral throughout the stance phase among patients with
CAL'3 Although gait alterations in CAI are often described
in terms of greater inversion, an alternative view associates
CAI with less eversion, and hence, less pronation during the
stance phase. This may be why patients with CAI produce
greater impact force and a faster loading rate of the vertical
ground reaction force during the loading response.'**

Alterations in the stride-to-stride variability of various
gait factors have also been reported in patients with CAL
However, increases and decreases in variability have both
been seen. These discrepancies likely depend on gait speed
(walking, running), task constraints (fatigue, dual tasking),
the specific biomechanical measure being analyzed, and the
method used to calculate variability (linear, nonlinear).
Increased variability in frontal-plane ankle kinematics
during running among patients with CAI has been reported
using linear variability calculations based on intraindividual
standard deviations across multiple steps.'*>!3¢ During
walking, ankle frontal-plane Kkinematic variability was
amplified in patients with CAI during a dual-task
paradigm.'*> Conversely, Terada et al'3” reported less
stride-to-stride variability in frontal-plane ankle kinematics
among patients using measures of sample entropy, a
nonlinear variability estimate during single-task walking.

Another approach to analyzing stride-to-stride variability
is to assess the kinematic coupling behavior, or coordinated
movement, of different segments of the lower extremity
using vector-coding techniques. Patients with CAI have less

variability in coupling between transverse-plane shank and
frontal-plane rearfoot motion during walking and jog-
ging.!313% Differences in coupling variability have also
been examined between ankle motion and more proximal
joints. During walking, patients with CAI have demon-
strated less variability in frontal-plane ankle-hip cou-
pling'*® and greater variability in ankle frontal-knee
sagittal-plane motions.'"*! During jogging, patients have
exhibited less coupling variability between the ankle-hip
and the ankle-knee in both frontal- and sagittal-plane
motions.'*!

Patients with CAI have also been reported to require a
higher level of gait disturbance, defined by alterations in
walking speed and dual tasks, to reduce stride-time
variability, a spatiotemporal gait measure, compared with
healthy controls.'** This change was hypothesized to be due
to less adaptability of the sensorimotor system in response
to task constraints.'** Koldenhoven et al'** observed that
patients with CAI had greater stride-to-stride variability in
the location of their center of pressure during the first 10%
of stance phase during walking compared with controls but
no differences later in the stance phase, despite their center
of pressure staying more lateral.'** Interestingly, the
patients with CAI also exhibited less variability in
electromyographic amplitude of the fibularis longus muscle
throughout the swing phase and the beginning of the stance
phase.!*

During cutting tasks requiring rapid lateral movement,
patients with CAI activated the fibularis longus earlier than
healthy controls, in a manner similar to that seen while
walking.'* Reduced amplitude of fibularis longus surface
electromyographic activity both before and after initial
contact has been noted,'*>'4® as has activation of other
ankle and hip muscles.'*® Patients have exhibited greater
ankle-inversion'*’ and less dorsiflexion'*® motion, as well
as pronounced changes in knee and hip motion,'#¢!47
during cutting tasks. In terms of kinetics, patients with CAI
have shown greater peak vertical ground reaction force, less
time to peak force,'*® and increased external knee- and hip-
extensor moments'* during cutting tasks.

Alterations in single-limb landing tasks have also
occurred in patients with CAIL In a recent systematic
review, Simpson et al'*° concluded that patients with CAI
tended to display altered kinematic, kinetic, and muscle-
activation patterns during single-limb landings. They
consistently landed in a more dorsiflexed position and
underwent less sagittal-plane motion during the absorption
phase of landing.'*® Higher peak vertical ground reaction
forces and faster loading rates have also been reported in
patients with CAlI, indicating a stiffer landing strategy.'>®
These landing strategies were associated with proximal
kinematic and kinetic changes at the knee and hip.'4:151:152
Reduced fibularis longus muscle activation among patients
with CAI has been seen in some studies,'*° but conflicting
results'>? showed increased fibularis activation. Increased
activation of the gluteus maximus muscle before initial
contact has also been demonstrated in patients with CAL!'*3

Reduced Physical Activity. Patients with CAI may
avoid physical activity because of their ankle instability.
College students with CAI took more than 2100 fewer steps
per day than healthy counterparts with no history of ankle
injury.'>* The long-term health consequences of reduced
physical activity in patients with CAI are a concern that
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requires further study. It is also possible that these patients
change the type of physical activities in which they choose
to participate; however, this area has not been widely
studied. Toward this purpose, Halasi et al'>® modified the
Tegner Activity Scale,'® a survey instrument that assesses
changes in physical activity of patients with knee injuries,
to be appropriate for patients with ankle injuries; however,
this instrument has not been used widely in the CAI
literature. We chose to include reduced physical activity in
the category of motor-behavioral impairments because
participating or not participating in specific physical
activities is a motor behavior that is distinct from the
sensory and perceptual impairments described elsewhere in
the model. Yet the specific impairments clearly interact, as
described in the model.

Personal Factors

Individual patients will respond to injury in unique ways
based on their own distinctive characteristics. Such
characteristics are referred to as personal factors in the
International Classification of Functioning model.">” In our
CAI model, we identify the personal factors of patient
demographics, medical history, physical attributes, and
psychological profile. Still, additional personal factors may
influence a patient’s response to injury. Demographic
factors such as age, body mass index, and sex may have
important biological influences on healing and other
physiological processes after injury. A patient’s medical
history, including the presence of comorbidities, structural
deficits due to past injury, and how an individual has
recovered from previous injuries and illnesses, can affect
the response to a new or recurrent injury. A patient’s
physical attributes, such as the level of strength and
conditioning (ie, strength and flexibility) or skeletal
alignment (ie, foot morphotype), can influence the response
to and recovery from injury. Finally, an individual’s
psychological profile, including characteristics such as
self-efficacy and anxiety, can play important roles in the
response to injury. Our decision to exclude other potential
personal factors is not meant to deny the importance of
those factors but was an effort to simplify the presentation
of the CAI model. Clinicians should be cognizant of how
patient-specific personal factors may influence an individ-
ual’s response to and recovery from acute and chronic ankle
injury.!%®

Environmental Factors

Factors outside of a patient’s organism that may affect
the response to injury are termed environmental factors in
the International Classification of Functioning model'>” and
are included in our CAI model. These factors include
societal expectations the individual perceives regarding
physical activity and sports participation as well as
expectations for his or her role in home, family, work,
and transportation activities. Social support networks can
also play an important role in the response to and recovery
from injury. Finally, a patient’s access to health care
facilities and providers can have a large influence on the
type and frequency of health care received. Similar to how
personal factors are portrayed in the CAI model, other
environmental factors may be important to an individual
patient; excluding any of these potential factors from our

model is not meant to imply that such factors do not exist.
In an effort to provide holistic care to each patient we
evaluate and treat, clinicians should seek to identify and
address any environmental factors that may influence a
patient’s recovery from injury.'*®

From Impairments to CAl Manifestation

Chronic ankle instability is a heterogeneous injury in
which individual patients present with unique combinations
of pathomechanical, sensory-perceptual, and motor-behav-
ioral impairments. Rather than positing multiple subgroups
of patients in an effort to identify homogeneity among CAI
patients, the updated model accounts for the heterogeneity
of impairment presentation through the interactions of 3
conjectural constructs: self-organization, perception-action
cycles, and neurosignature. The first 2 constructs are
derived from the dynamic systems theory of motor
control,>>72° and the third stems from the Melzack neuro-
matrix theory of pain.?’-?®

Self-Organization. Dynamic systems theory is a univer-
sal theory of science used to describe complex phenomena
in a diverse array of disciplines.?® Multilevel components
influence human movement, including but not limited to
cells, tissues, systems, organisms, and social constructs. At
the crux of dynamic systems theory are principles
indicating that the component levels are not equivalent to
each other because the influence of 1 level on another level
is typically nonlinear (eg, a small change at the tissue level
can cause a large effect at the systems level); circular
causality exists among levels, indicating the role of both
feedback and feedforward relationships; relationships
among levels change over time; and no predefined motor
programs are directing system interactions.

The generation and control of specific movements are
dictated by a process of self-organization that weighs the
potential movement strategies available, given the relevant
constraints, to achieve the desired movement goal. >
Types of constraints include task, environmental, and
organismic. Task constraints represent the limitations that
govern how a movement may occur (eg, track athletes
always race in counterclockwise direction). Environmental
constraints are external to the organism and are due to the
surroundings in which movement is being executed (eg,
uneven grass surface or a flat, paved surface). The primary
tissue injury and accompanying pathomechanical, sensory-
perceptual, and motor-behavioral impairments in the model
represent organismic constraints, which can influence how
a patient with CAI moves and engages in physical
activity.”® The unique organismic constraints in an
individual patient, coupled with the task and environmental
constraints specific to a given situation, influence how a
patient behaves and moves. During rehabilitation, a
clinician may manipulate task and environmental con-
straints in an effort to generate a specific motor output
aimed at addressing a specific impairment (eg, designing a
balance exercise that specifically requires a large amount of
fibularis muscle activation).?

Perception-Action Cycles. A cyclical relationship exists
between perception and action, meaning that perception
(sensory input) influences action (motor output), and action
affects perception, and the cycle repeats in perpetuity.'>® In
the CAI model, the perception-action cycle represents the
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circular causality between sensory-perceptual impairments
and motor-behavioral impairments. Understanding the
inherent linkage between the sensory and motor contribu-
tions to CAI is essential to successful assessment and
treatment of patients with this complex condition. An
intervention that addresses a sensory-perceptual impair-
ment alters motor behavior and vice versa.

Neurosignature. In his neuromatrix of pain theory,
Melzack proposed 4 core components that contribute to
chronic pain conditions: (1) the body-self neuromatrix; (2)
cyclical processing and synthesis producing a continuous
neurosignature outflow; (3) sentient neural hubs in the brain
where the flow of neurosignature is integrated into the flow
of sensory inputs; and (4) an action neuromatrix, also
influenced by the neurosignature, that produces movements
aimed at achieving a desired goal. The neuromatrix
comprises a series of neural networks throughout the brain
that process sensory information and generate a stream of
neurosignature output that contributes to both the body
possessing a sense of itself in perceptual and emotional
terms and production of movement.?’?® The neuromatrix
and thus the neurosignature are influenced by genetics and
modified by lived experiences.?’-*® These lived experiences
are incorporated as personal and environmental factors in
our proposed model. Persistent pain and stress are posited
to substantially alter the neurosignature in a negative
manner,”’® whereas targeted therapies such as manual
therapy and therapeutic exercise can alter it in a positive
manner. In the CAI model, the neurosignature represents
the neural patterns unique to the individual patient that
influence sensory and emotional perception and motor
function. A patient’s neurosignature acts as a continuous
modifier of the perception-action cycle.

27,28

How Do the Component Interactions Work Together
in Patients With Ankle Sprain or CAI?

Acute injury to the lateral ankle ligaments produces
specific pathomechanical impairments related to ligamen-
tous and, potentially, other tissue damage around the ankle.
The injury also initially triggers sensorimotor changes via
inflammatory and pain mediators that result in specific
sensory-perceptual and motor-behavioral impairments.
How a patient responds to these impairments influences
his or her perception of the injury and behavior, including
motor output, in the presence and aftermath of the injury.
An individual’s personal factors, such as a history of
musculoskeletal injury and level of self-efficacy, will affect
perceptions and behaviors. Environmental factors, such as
social support and expectations for the patient to fulfill
defined roles relative to home, family, work, or sport,
further influence the individual’s perceptions and behaviors
in response to injury. Physiological responses to injury
mediated by inflammatory, neurologic, and hormonal
processes produce local changes at the site of injury, such
as edema, and in the central nervous system, such as
neuromuscular inhibition in the injured limb. Neuroendo-
crine responses to injury, including the release of stress
hormones, further influence the patient’s perception of
injury and movement. Together, these factors and processes
affect the flow of afferent and efferent neural signals that
constitute the patient’s neurosignature.

Before injury, a person’s neurosignature is in a state of
homeostasis. Injury, such as an acute ankle sprain, leads to
an immediate change in the neurosignature in response to
tissue damage, inflammation, and stress. This initial change
in the neurosignature is protective in nature. Patients who
recover quickly after an acute ankle sprain are able to
restore their neurosignature to preinjury homeostasis as
injury symptoms are eliminated and sensorimotor function
is restored. In contrast, patients who are unable to reset
their neurosignature soon after injury may develop chronic
symptoms and altered movement patterns.

Relative to the neuromusculoskeletal system, perception-
action cycles are at the crux of an individual’s neuro-
signature. Action in the form of motor output is a product of
self-organization. Acute injury and subsequent manifesta-
tions of that injury create impairments that impose
organismic constraints on movement strategies. Movement,
however, is endemic to the human condition, and the body
will self-organize to find a motor strategy that circumvents
organismic constraints to accomplish the tasks that one
deems necessary. For example, a patient who lacks 10° of
ankle dorsiflexion is still able to walk but must use motor
strategies that bypass the organismic constraint of restricted
ankle dorsiflexion. This movement solution introduces
unfamiliar signals into the nervous system, thereby
producing unaccustomed perception-action cycles. Left
unabated, this movement strategy can become the preferred
motor output. Failure to address specific impairments
postinjury can lead to longstanding constraints that
normalize altered movement patterns, resulting in chroni-
cally altered perception-action cycles and a neurosignature
that predisposes an individual to recurrent episodes of the
ankle giving way and ankle sprains. Clinicians are thus
encouraged to not only address patient-specific impair-
ments during rehabilitation but to also emphasize percep-
tion-action processes in an effort to return the patient’s
neurosignature to a condition of healthy homeostasis.

Spectrum of Clinical Outcomes

We propose a spectrum of clinical outcomes that ranges
from copers on the positive end to CAI on the negative end.
(Figure 1 displays negative outcomes to the left and a
positive outcome to the right of the clinical outcome
spectrum.) The outcome is meant to be determined more
than 12 months after the initial ankle sprain, as deficits
during the first year would not be deemed chronic.

A coper is defined as an individual who is more than 12
months removed from the index ankle sprain, has incurred
no recurrent ankle sprains, reports no or very minimal
symptoms or deficits in self-reported function, and
perceives a full recovery.'®® The goal of clinicians in
treating a patient with a first-time ankle sprain should be to
produce an outcome in which the patient becomes a coper.
We assert that empirical measures to define a coper should
include no ankle pain at rest or during physical activity;
self-reported function scores greater than 95% on both the
FAAM—-ADL and —Sports subscales; a CAIT score of 28 or
higher; an IdFAI score of 10 or lower; and no recurrent
ankle sprains or perceptions of the ankle giving way. It
should be noted that copers may have some identifiable
residual impairments, such as increased laxity®>; however,
these impairments do not adversely affect the function or
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Figure 2. Adaptation of the model to illustrate the specific impairments of a 15-year-old female high school basketball player who has
chronic ankle instability (CAl). The enlarged circles and text indicate specific impairments that are contributing to her condition and health
status. Abbreviations: AT, athletic trainer; BMI, body mass index; HRQOL, health-related quality of life.

perception of the patient’s ankle. The long-term conse-
quences of these residual impairments are unknown at this
time.

Ideally, an ankle-sprain patient becomes a coper without
changing the type or volume of physical activities that he or
she participated in preinjury. If a patient is asymptomatic
but has altered physical activities because of the ankle, that
cannot be considered a full recovery and the patient is not a
true coper. Some patients choose to alter their physical
activity to avoid symptoms or recurrent sprains. Although
the outcomes of these patients are on the more positive side
of the spectrum, a full recovery has not occurred because of
the patient’s failure to return to the preinjury level of
physical activity. Moving in a negative direction on the
outcome spectrum, the increasing frequency of ankle
giving-way episodes and the frequency and severity of
symptoms such as pain, swelling, and weakness are
associated with poorer outcomes, as are recurrent ankle
sprains. Repeated episodes of giving way and recurrent
ankle sprains are likely to produce further secondary tissue
damage, thus resulting in additional pathomechanical
impairment. This is represented on the model by the
dashed arrow between the outcome and the pathomechan-
ical impairment circle. This “new” secondary tissue
damage can then further exacerbate sensory-perceptual

and motor-behavioral impairments, creating a cyclical
condition associated with a poorer outcome.

On the most negative end of the outcome spectrum is the
clinical designation of CAI, which is characterized by a
patient who is more than 12 months removed from the
initial ankle sprain; has a propensity for recurrent ankle
sprains; and experiences frequent episodes or perception of
the ankle giving way, as well as persistent symptoms such
as pain, swelling, diminished ROM, weakness, and reduced
self-reported function. We recommend that empirical
measures to define CAI should include a CAIT score of
24 or lower, an IdFAI score of 11 or higher, and self-
reported function scores of less than 90% on the FAAM—
ADL and less than 80% on the FAAM—Sport. At present,
we are unable to recommend specific diagnostic thresholds
for other impairment categories.

APPLYING THE MODEL TO RESEARCH AND
CLINICAL PRACTICE

The aims of the updated CAI model are to serve as (1) a
paradigm for the current state of the science regarding the
causes of CAI and (2) a framework to aid clinicians in
managing patients with LASs or CAI. With respect to the
first aim, we acknowledge that the updated model of CAI,
while based on our synthesis of the current research, is
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Figure 3. Adaptation of the model to illustrate the specific impairments of a 35-year-old male construction worker who has chronic ankle
instability (CAl). The enlarged circles and text indicate specific impairments that are contributing to his condition and health status.
Abbreviations: BMI, body mass index; HRQOL, health-related quality of life.

theoretical. Like previous models of CAl, this model needs
validation and refinement through continued research. In
particular, little is known about the relationships between
specific impairments and how these relationships affect
clinical outcomes.

To accomplish the second aim, we recommend the
application of the Donovan and Hertel assess-treat-reassess
paradigm!®! and the International Ankle Consortium
rehabilitation-oriented—assessment approach,'®® which ex-
plicitly link the identification of specific impairments
during clinical assessment with corresponding treatment
goals for rehabilitation. During the assessment of patients
with ankle injuries, clinicians should routinely try to
identify the source of the primary tissue injury and evaluate
specific pathomechanical, sensory-perpetual, and motor-
behavioral impairments by taking a thorough injury history
and performing a comprehensive physical examination.
Clinicians are also encouraged to look not just at the
composite scores of questionnaires used to assess perceived
ankle instability, pain, kinesiophobia, self-reported func-
tion, and HRQOL but also at the individual item responses
on these survey instruments to identify patient-specific
complaints and impairments. These findings should then be
used to guide the development of rehabilitation goals and
treatment decisions.

Not all patients will exhibit evidence of each specific
impairment in the model. Each patient will present with a
unique combination of impairments. As such, rather than
applying a uniform rehabilitation protocol to all patients
with LASs or CAI, clinicians should tailor a specific
rehabilitation plan for each person based on the unique set
of impairments identified during assessment. The targeted
rehabilitation plan should address the patient’s unique
collection of impairments in an effort to modify the
neurosignature that is driving the cyclical nature of the
condition and shift the patient’s outcome toward the
positive (coper) side of the outcome spectrum. As
illustrations, we have created 3 hypothetical patients, each
representing a unique collection of impairments within the
CAI model and requiring a uniquely targeted rehabilitation
approach.

Patient 1 is a 15-year-old female high school basketball
player who has sustained 3 LASs in the past 12 months
(Figure 2). Her outcome is CAl, as evidenced by multiple
recurrent ankle sprains. Her specific impairments, as
identified on clinical examination and represented by
enlarged circles and text in the figure, include the
pathomechanical impairments of secondary tissue damage
and pathologic laxity; the sensory-perceptual impairments
of diminished somatosensation and heightened kinesiopho-
bia; and the motor-behavioral impairments of neuromus-
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Figure 4. Adaptation of the model to illustrate the specific impairments of a 22-year-old graduating female collegiate athlete who has a
history of ankle sprains and has changed her level of physical activity to cope with her ankle injury. The enlarged circles and text indicate
specific impairments that are contributing to her condition and health status. Abbreviations: ACL, anterior cruciate ligament; HRQOL,

health-related quality of life.

cular inhibition, muscle weakness, and altered movement
patterns. The repetitive ankle sprains and subsequent
impairments have negatively affected her neurosignature,
resulting in substantial neuromuscular dysfunction. This
patient is likely to respond favorably to a rehabilitation
approach that includes ankle taping or bracing during
physical activity to address her ankle laxity and a
therapeutic exercise program aimed at improving somato-
sensation, muscle activation, and strength; restoring
functional movement patterns; and reducing her kinesi-
ophobia.

Patient 2 is a 35-year-old male construction worker who
incurred a severe ankle sprain 2 years ago and now has a
primary complaint of his ankle giving way several times per
week (Figure 3). His outcome is CAI as characterized by
repeated episodes of giving way and considerable perceived
instability. Upon examination, his specific impairments
include arthrokinematic restrictions and perceived instabil-
ity and deficits in somatosensation, reflex responses to
unexpected inversion, and static and dynamic balance. The
repeated episodes of the ankle giving way and subsequent
impairments have negatively affected his neurosignature,
resulting in neuromuscular dysfunction. An important
environmental factor that may influence the patient’s
perception of the injury is that it was work related and

subject to Workers” Compensation. This patient is likely to
respond favorably to a rehabilitation program that includes
manual therapy focused on passive accessory joint
mobilizations to address specific arthrokinematic restric-
tions and a therapeutic exercise program aimed at
improving somatosensation, reflexive control of the ankle,
and postural control in an effort to lessen his perceived
ankle instability.

Patient 3 is a 22-year-old graduating collegiate student-
athlete who had a severe ankle sprain 4 years ago and a
mild recurrent ankle sprain 9 months ago (Figure 4). She is
no longer playing competitive sports and has no plans to do
so in the future, partly because of her history of ankle and
knee injuries. Because her ankle is not symptomatic when
she does not participate in sport, she has dramatically
reduced the amount of physical activity in which she
participates. Although her symptoms do not warrant a
diagnosis of CAI, she clearly has not had a full recovery
and cannot be classified as a coper. As such, her outcome
has moved away from the most positive end of the outcome
spectrum to indicate that she is asymptomatic because she
has substantially altered her physical activity level. The
figure depicts a few specific impairments identified by
larger circles and text, but these are not of the same
magnitude as those seen in patients 1 and 2. Patient 3’s
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outcome could be characterized as a subclinical condition,
and she would benefit from addressing her specific
impairments to increase her overall level of physical
activity.

These 3 examples are presented for illustrative purposes
only. Clinicians must be vigilant in assessing each
individual patient and developing a holistic plan of care
that addresses the primary condition and identified
impairments along with the relevant component interac-
tions, personal factors, and environmental factors. Valida-
tion of the clinical application of the CAI model is also
needed. At this time, an understanding of the interrelation-
ships among specific impairment categories is lacking.
Lastly, we assert that the model could serve as the
framework for developing a clinical predictor rule to aid
clinicians by identifying the characteristics of patients who
are most likely to respond favorably (or unfavorably) to
specific treatment approaches.

CONCLUSIONS

We have presented an updated model of CAI that aims to
both synthesize the current understanding of the causes of
CAI and serve as a framework for the clinical assessment
and rehabilitation of patients with LASs or CAI. The model
describes how primary tissue injury to the lateral ankle
ligaments after an acute ankle sprain may lead to a
collection of interrelated pathomechanical, sensory-percep-
tual, and motor-behavioral impairments that influence a
patient’s clinical outcome. Using the biopsychosocial
model of health care as a foundation, the concepts of
self-organization and perception-action cycles, derived
from dynamic systems theory, and a patient-specific
neurosignature, stemming from the Melzack neuromatrix
of pain theory, are incorporated to describe these
interrelationships.
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